This paper explores the profitability of four Japanese higher return equity portfolios and their linkages between corporate investment factor return, the so-called conservative-minus-aggressive (CMA), suggested by Fama and French (2015) . Our empirical examinations derive the following evidence. First, in the four Japanese equity portfolios, the smallest and the highest operating profitability portfolio presents the highest return. Second, the smallest and the highest book-to-market (B/M) portfolio, the smallest and moderate investment portfolio, and the smallest and the second strongest momentum portfolio also record higher excess returns than the overall equity market in Japan. Moreover, our analyses via two-regime Markov switching models evidence that for all the four Japanese equity portfolios, there are clearly two regimes: one is positively related to CMA and the other is little or negatively related to CMA. Furthermore, our analyses also reveal that recently, all the four Japanese equity portfolios yield higher returns than CMA with showing weaker linkages between CMA.
Introduction
After almost 10 years from the three-factor asset pricing model of Fama and French (1993) , Fama and French (2015) extended their three-factor model to a five-factor model. In the five-factor model, they added a corporate investment factor and an operating profitability factor to their three-factor model. Although the positive relation between operating profitability and stock return is intuitive, how are the corporate investment factor return and equity portfolio returns related? Are there any regime shifts in the relations?
To clarify these matters, this study investigates Japanese equity portfolios sorted by several fundamental factors such as firm size, ratios of book-to-market (B/M), operating profitability, corporate investment, and momentum by using Markov regime-switching models (e.g., Hamilton, 1989; Filardo, 1994) . We point out that in asset pricing literature, many empirical examinations for factor returns and asset portfolios were conducted for the US; however, not enough research for Japanese equity portfolios has been performed. Hence, our analyses of the performances of Japanese equity portfolios and the relations of Japanese equity portfolios and Fama and French's (2015) corporate investment factor return (conservative-minus-aggressive (CMA)) by employing two-regime Markov switching models are valuable. The derived findings from our empirical analyses in this paper are as follows.
First, in our four Japanese higher return equity portfolios, namely, the smallest and the highest operating profitability portfolio presents the highest return. While excess overall equity market return in Japan is 0.11 percent per month, the smallest and the highest operating profitability portfolio exhibits the average excess return of 0.66 percent per month in Japan. Second, the smallest and the highest B/M portfolio, the smallest and moderate investment portfolio, and the smallest and the second strongest momentum portfolio also record higher excess returns than the overall equity market in Japan. These mean the effectiveness of building bivariate-sorted equity portfolios in Japan.
Moreover, our analyses via two-regime Markov switching models evidence that for all the four Japanese equity portfolios, there are clearly two regimes: one is positively related to the investment factor return and the other is little or negatively related to the investment factor return. In addition, our analyses reveal that recently, all the four Japanese portfolios yield higher returns than the investment factor return with showing weaker linkages between the investment factor return. These new findings derived from this study are the contributions of this paper.
As for the rest of this paper, in Section 2, recent related research is reviewed; in Section 3, the data used for our study are explained; and in Section 4, the model for our empirical analyses is introduced. After these, Section 5 documents our empirical results and Section 6 concludes the paper.
Recent Literature Review
In this section, recent literature applying regime switching approach is briefly reviewed. Recently, using Markov switching approach, Chun et al. (2014) investigated US corporate bonds' credit spread determinants by incorporating regime switching between different economic, credit, and monetary states. They suggested that in their regime-shifting framework, market, default, and liquidity factors had superior explanatory power since those factors were related to regimes. Filipova et al. (2014) developed a multivariate dynamic term structure model by considering a threshold regime switching model. This study also suggested the framework, in which the regimes were governed by thresholds and were directly linked to economic fundamentals.
Using the US data, Baele et al. (2015) estimated a New-Keynesian macro-model by incorporating regime-switching behavior in macro-shocks and monetary policy. They found that output shocks shifted to the low volatility regime around 1985 and inflation shocks shifted to the low volatility regime around 1990. Focusing on the convenience yield and employing a regime switching framework, Almansour (2016) modeled the crude oil and natural gas futures term structures. Specifically, this study extended the model of Gibson and Schwartz (1990) to allow for regime switching behavior in the convenience yield.
Focusing on Chinese monetary policy, Klingelhöfer and Sun (2018) estimated a forward-looking Taylor-type monetary policy reaction function. Employing a multiple-regime threshold regression model, they found evidence that the Chinese monetary policy reaction function was asymmetric after around 2000 and switched across three different regimes. Further, using a regime-switching approach, Lange (2018) developed a model to evaluate asymmetries in the responses of the Canadian economy to US business cycles. This study also advocated the model extension in this paper by taking into regime-switching framework was empirically effective.
It is noted that equity portfolio return analysis for Japan by employing regime switching approach was little seen in existing literature although Tsuji (2012 Tsuji ( , 2018a Tsuji ( , 2018b ) attempted such analyses. Thus, using regime-switching models, we analyze the portfolio returns and the corporate investment factor return in Japan in the following sections.
Data
This section describes the data for our empirical study. All monthly data were provided by Kenneth French and this paper uses percentage excess returns over risk-free rate of four bivariate-sorted Japanese equity portfolios. First are the excess returns of the portfolios, which are sorted by size and B/M ratios (hereinafter referred to as 'Size-B/M portfolios'). Second are the excess returns of the portfolios, which are sorted by size and operating profitability (hereinafter referred to as 'Size-OP portfolios').
Third are the excess returns of the portfolios, which are sorted by size and corporate investment (hereinafter referred to as 'Size-Inv portfolios'), and fourth are those of the portfolios, which are sorted by size and prior returns from 12-month prior to 2-month prior (hereinafter referred to as 'Size-Mom portfolios'). We also use the CMA factor return for Japan. Fama and French (2015) documented the details of these four portfolio and factor constructions. In this paper, the sample period spans from November 1990 to December 2017 and all returns are in US dollars. This study also uses the excess returns of Japanese overall stock market. We first pick up the highest return portfolios from the four kinds of bivariate-sorted Japanese equity portfolios. All four Japanese portfolios include 25 portfolio returns since all have 5×5=25 portfolios as a result of bivariate sorting by Kenneth French. Checking the average excess return values of the above-mentioned four Japanese equity portfolios, in 25 Size-B/M portfolios, the smallest and the highest B/M portfolio records the highest return (hereinafter referred to this portfolio as 'Size1-B/M5'), and in 25 Size-OP portfolios, the smallest and the highest operating profitability portfolio shows the highest return (hereinafter referred to this portfolio as 'Size1-OP5'). Similarly, in 25 Size-Inv portfolios, the smallest and moderate investment portfolio exhibits the highest return (hereinafter referred to this as 'Size1-Inv3'), and in 25 Size-Mom portfolios, the smallest and the second highest prior return portfolio records the highest return (hereinafter 'Size1-Mom4').
Based on the evidence, we display the descriptive statistics as to the excess returns over risk-free rate regarding the four Japanese higher return equity portfolios in Table 1 . From the mean excess return values in Table 1 , we understand that in Japan, Size1-OP5 exhibits the highest return of 0.66 percent per month and Size1-Mom4 shows the second highest return of 0.57 percent per month.
As Table 1 displays, as the average excess return of the Japanese overall equity market is 0.11 percent per month, not only Size1-OP5 and Size1-Mom4, but also Size1-B/M5 and Size1-Inv3 exhibit higher returns than overall stock market in Japan (The average excess returns of Size1-B/M5 and Size1-Inv3 are 0.55 and 0.56 percent per month, respectively). Table 1 also shows that all the four Japanese excess portfolio returns are positively skewed and have fat-tailed distributions since all the returns present positive skewness values and higher kurtosis values than three, which is the kurtosis value of normal distributions. As above, we understand that in Japan, operating profitability is more effective factor than other factors to construct profitable portfolios, and unlike US or Europe, momentum effects are weaker in Japan. estimation results of our two-regime Markov switching models. The sample period is from November 1990 to December 2017. LL means the log-likelihood value. ***, **, and * indicate the statistical significance of the estimates at the 1%, 5%, and 10% levels, respectively. CMA means the conservative investment factor return premium of Fama and French (2015) .
The Model
This section documents the specification of the model for our empirical examinations. For our study, we employ the following Markov switching model (1). To investigate the profitability and the linkages between Japanese equity portfolio returns and the corporate investment factor return, CMA, we specify this model to have high and low CMA factor loading regimes as follows:
In equation (1), denotes the excess return of one of the four Japanese equity portfolios, that is, Size1-B/M5, Size1-OP5, Size1-Inv3, or Size1-Mom4. Further, indicates the constant term of the model, and this term depends on regime, . In addition, in model (1), means the CMA factor return, and denotes its regime-dependent coefficient. Further, the disturbance term, , is assumed to follow a standard normal distribution, and this disturbance term is also assumed to be independent and identically distributed ( ). As explained, our model (1) has two regimes, namely, high and low CMA factor loading regimes of common volatility, ; and in this study, all model parameters are estimated by the maximum likelihood method.
Empirical Results and Interpretations

Estimation Results of Markov Switching Models and CMA Loading Regime Probabilities
This section explains our empirical results. Table 2 exhibits the estimation results of our Markov switching models with high and low CMA factor loading regimes. In addition, Figure 1 displays the Markov switching high and low CMA factor loading regime probabilities for the four Japanese equity portfolios analyzed in this study. These regime probabilities are also derived from our model (1).
First, from Panel A of Table 2 , as the values of estimates for the coefficients of CMA suggest, for Size1-B/M5 portfolio, there are clearly two regimes: one is positively related to CMA and the other is little related to CMA. From Panel A of Figure 1 , we understand that before around 1999, Size1-B/M5 portfolio return was positively related to CMA, while after that, this portfolio return has been little related to CMA.
Next, from Panel B of Table 2 , as the values of estimates for the coefficients of CMA indicate, for Size1-OP5 portfolio, there are clearly two regimes, that is, one is positively related to CMA and the other is negatively related to CMA. From Panel B of Figure 1 , it is understood that before around 2004, Size1-OP5 portfolio return was positively related to CMA, while after that, this portfolio return has been negatively related to CMA in general.
Further, as Panel C of Table 2 , as the values of estimates for the coefficients of CMA suggest, for Size1-Inv3 portfolio, again, there exist clearly two regimes. Namely, similar with Size1-BM5 portfolio return, one is positively related to CMA and the other is little related to CMA. From Panel C of Figure 1 , similar with Size1-B/M5 portfolio return, before around 1999, Size1-Inv3 portfolio return was positively related to CMA, while after that, this portfolio return has been little related to CMA.
Moreover, from Panel D of Table 2 , as the values of estimates for the coefficients of CMA indicate, for Size1-Mom4 portfolio, there are again clearly two return regimes. That is, similar with Size1-OP5 portfolio return, one is positively related to CMA and the other is negatively related to CMA. From Panel D of Figure 1 , we understand that before around 2004, Size1-Mom4 portfolio return was positively related to CMA, while after that, this portfolio return has been negatively related to CMA.
Accumulated Returns of CMA and Equity Portfolios
Finally, to further consider the linkages between the CMA factor return and the four Japanese equity portfolio excess returns analyzed in this paper, we display the accumulated returns of CMA and accumulated excess returns of the four Japanese equity portfolios in Figure 2 . As this figure shows, recently, the linkages between CMA and the four Japanese equity portfolios become weaker, and the four Japanese equity portfolio returns perform more strongly than CMA factor returns. This evidence is consistent with the statistically significantly positive constant terms in low CMA factor loading regimes shown in Panels A to D of Table 2 . That is, in recent periods, all the four Japanese portfolios yield higher returns than CMA with showing weaker linkages between the CMA factor return. This is the recent situation of the performances regarding the four Japanese higher return equity portfolios examined in this paper.
As above, it is emphasized that our empirical results obtained from the two-regime Markov switching models are rather clear and consistent with all the four Japanese equity portfolios. Our results also demonstrate that the use of the regime-switching models carefully designed like ours is quite useful for deriving the new interesting evidence for the fields of business, economics, and finance. 
Conclusions
This paper explored the profitability of the four Japanese higher return equity portfolios and their linkages between conservative investment factor return premiums suggested by Fama and French (2015) . For the period from November 1990 to December 2017, the smallest and the highest B/M portfolio, the smallest and the highest operating profitability portfolio, the smallest and moderate investment portfolio, and the smallest and the second highest prior return (momentum) portfolio recorded higher returns in Japan. Using the Markov switching models with high and low investment factor loading regimes, we obtained the following interesting evidence.
(1) First, in the four Japanese higher return equity portfolios, the smallest and the highest operating profitability portfolio presented the highest return. While excess overall equity market return in Japan was 0.11 percent per month, the smallest and the highest operating profitability portfolio exhibited the average excess return of 0.66 percent per month in Japan.
(2) Second, the smallest and the highest B/M portfolio, the smallest and moderate investment portfolio, and the smallest and the second strongest momentum portfolio also recorded higher excess returns than the overall equity market in Japan. These mean the effectiveness of building bivariate-sorted equity portfolios in Japan.
(3) Moreover, our analyses via two-regime Markov switching models evidenced that for all the four Japanese equity portfolios, there were clearly two regimes: one was positively related to the investment factor return and the other was little or negatively related to the investment factor return. In addition, our analyses revealed that recently, all the four Japanese portfolios yielded higher returns than the investment factor return with exhibiting weaker linkages between the investment factor return.
As demonstrated in this study, when the data and the model are well fitted, applying regime switching models to examine financial and economic data is effective and useful for deriving new findings for the fields of business,
